The contributions of four components to the error in the microscopic enumeration of spirochetes (Treponema pallidum) by the method of Morgan and Vryonis were determined. Where N8 = the number of slides counted, N, = the number of recounts of 50 fields per slide, N, = the number of pipettes used, and Ne = the total number of counts of 50 fields made, the coefficient of variation is 2 times the square root of (17.52/N, + 18.62/N, + 14.82/Nv + 6.12/Ne) with 95% confidence.
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The study of many aspects of the biophysiology of Treponema pallidum and the pathogenesis and immune response in experimental syphilis requires that similar inocula be used at different times and in different circumstances. Quantitation and adjustment of the treponemal count of suspensions are necessary to ensure similar inocula. Several systems of quantitation have been used by various investigators. These have differed in technique but have the common disadvantage that very little has been published which defines the reproducibility of the procedures.
Morgan and Vryonis (5) developed a method of quantitation for dark-field microscopy. Use of their method requires a minimum of time and no special equipment. Magnuson, Eagle, and Fleischman (4) modified and used this method in classic studies concerning response to various inocula. They analyzed the accuracy of the procedure. This is a report of a statistical analysis of the error inherent in our variation of this counting method.
MATERIALS AND METHODS
Laboratory methodology. Rabbit testes were inoculated with virulent T. pallidum. At the peak of the syphilitic orchitis, as judged by palpation, the testes were sliced and extracted in a 50/50,0.85% salinenormal rabbit serum mixture. The resulting mixture was centrifuged at 500 X g for 10 min, and the supernatant fluid containing T Since the distribution of treponemes in a counting chamber was suspected to follow Poisson's distribution rather than a normal distribution, the x2 test was used to confirm the results of the F ratio tests, though it is generally conceded that the F test is often reliable even when the normality of data cannot be assumed. If there are no significant differences in the numbers of treponemes counted per microscopic field for 100 fields from a single counting chamber over time, then the probability is 0.25 that one-fourth of the total number of treponemes counted over the 100 fields will be in the first 25 fields counted; P = 0.25 that one-fourth of the treponemes counted will be in the second 25 fields counted, P = 0.25 that onefourth will be in the third, and P = 0.25 that one- XI equals the number of treponemes counted in the first 25 fields, X2 equals the number in the second 25 fields, X3 the number in the third, and X4 the number in the fourth, and Z equals one-fourth the total number of treponemes counted in the total 100 fields: the treponemes counted from the last 50 fields of each counting chamber, and proceeding as above. The probability is 0.5 that half the number of treponemes counted in the first 50 fields will be in the first 25 fields, and P = 0.5 that half will be in the second 25 fields. If N1 is the number of treponemes 
RESULTS
The analysis of variance of the five suspensions in experiment 1 is presented in Tables 1 and 2 . We found the (geometric) average of relative error to be: "unaccounted" (e, all specimens) = 22.6%; slide (s, specimens 1, 2, and 5) = 15.8%; recount (r, specimens 1 The unaccounted error, as well as recount error, can be reduced by increasing the number of fields counted per slide. If, instead of 50 fields per slide, 100 fields are counted, the estimated recount error is reduced to 18.6 divided by the square root of 2 = 13.2%, and the unaccounted experimental error to 6.1 divided by the square root of 2 = 4.3 %. Let us assume that a more accurate measuring of the sample could decrease the observed pipette variation to 10%. With this more refined procedure, the total relative error might be reduced to as little as the square root of (17.5,2 + 13.2r2 + 1OP2 + 4.3,2) = 24.5%. The standard relative errors (CV), then, determine that when the T. pallidum are counted in 100 fields from one slide, the observed results will be within i24.5 % of the true mean with 68% P; within (i24.5 X 1.96) = i48.0% with 95 % P.
Looking at individual CV values, we observed an occasional departure of this magnitude, most frequently when the average number of T. pallidum counted was fewer than one per field. However, suspensions that average more than three T. pallidum per microscopic field become more difficult to count.
Of course, what one wishes to regard as the index of reliability of the method is a matter of choice. However, even with a most lenient index-the "probable error"-the total error would be 0.6745 X 24.5 = 16.52%. Half of the determinations can be expected to exceed this limit.
Even by this unusually lenient index, our total error is almost twice that reported by Collart, Poggi, and Dunoyer (3) in a study of a variation of the Morgan-Vryonis counting method. Magnuson and associates (4) reported that, when 100 T. pallidum cells were counted in a single chamber consisting of 0.02 ml of treponemal suspension under a cover glass (22 by 30 mm), the total error was i22.6% with 96% confidence. We have not been able to confirm their results.
The error involved in the counting procedure can be reduced by replication and averaging.
If N. = the number of slides counted, Nr = the number of recounts of 50 fields per slide, Np = the number of pipettes used, and N. = the total number of counts of 50 fields made, the coefficient of variation would be two times the square root of (17.52/N, + 18.62/Nr + 102/Np + 6.12/Nr) with 95% confidence. The data do not justify an Nr which would extend the counting time per slide beyond the 10-to 20-min maximum we have used. A longer counting period is impractical in many procedures utilizing living organisms.
